The increased awareness of the association of anaerobic bacteria with human disease (5, 6) has fostered an interest in improving techniques for isolation and identification of anaerobes and methods for determining their antibiotic susceptibility. The GasPak (BBL) systems (3), prereduced anaerobically sterilized media (9) , the anaerobic glove box (1), and gas-liquid chromatography for identification of metabolic products and cellular constituents (10, 11) are some of the recent notable achievements. However, little effort has been made to determine specific growth requirements of the anaerobic bacteria, to define optimal cultural conditions needed for physiological studies, or to develop a standard method for determining the antibiotic susceptibility of anaerobes.
We felt that before a standardized procedure was developed, it was necessary to obtain some basic information on medium requirements and cultural conditions which would allow optimal growth of anaerobic bacteria. The objectives of this investigation were to study growth characteristics of anaerobes commonly isolated from clinical specimens and select a broth medium and a carbon dioxide concentration suitable for use in subsequent study to develop a standardized procedure for determining the antibiotic susceptibility of these microorganisms.
(This paper is part of a dissertation presented by D. R. S. to the School of Public Health of the University of North Carolina, Chapel Hill, in partial fulfillment of the requirements for the degree of Doctor of Public Health.) MATERIALS 
AND METHODS
Organisms. The bacterial strains used in this study were obtained from the stock culture collection of the Anaerobe Unit, Center for Disease Control, and from the American Type Culture Collection. Each strain was characterized by a battery of microscopic, cultural, and biochemical tests as described by Dowell and Hawkins (4) and Holdeman and Moore (8) .
The majority of the studies were performed with four bacterial strains that were considered representative of the commonly encountered anaerobes. These organisms were Bacteroides fragilis subspecies fragilis (9053), Peptostreptococcus, CDC group 2 (11512), Eubacterium alactolyticum (8174), and Clostridium perfringens (BP6K). Strains of other anaerobes commonly encountered in human infections (4) were used to substantiate the findings obtained with the four microorganisms mentioned above, and growth curves of some were also studied. Growth curve studies. Using the optimal broth and atmosphere determined by these studies, we plotted growth curves for each organism to determine the rapidity and degree of growth in terms of turbidity and numbers of organisms produced within specified periods of time. Twenty-four culture tubes (16 by 125 mm) containing 6.0 ml of Schaedler broth were inoculated as previously described with 0.05 ml of a culture adjusted to a MacFarland no. 1 nephelometer standard. Sequential determinations of turbidity were made at 1-, 2-, and/or 4-h intervals to establish the lag, exponential, and stationary phases of growth for each organism.
Plate counts. During the growth curve studies, numbers of viable organisms were determined during the exponential phase of the four representative anaerobic bacteria (B. fragilis subsp. fmgilis, Peptostreptococcus CDC group 2, E. alactolyticum, and C. perfringens). The culture was diluted 10-1 through 10-1 in Schaedler broth with 0.5 ml of culture and 4.5 ml of medium used at each dilution step. A 0.1-ml amount of each dilution was spread over the surface of Schaedler blood agar with a glass spreader, and the plates were incubated anaerobically at 37 C for 24 to 48 h. After incubation, colony counts were performed on plates containing 30 to 300 colonies, and the number of viable bacteria per milliliter was calculated.
RESULTS
In the initial study of media and varying atmospheres, the four representative anaerobes (B. fragilis subsp. fragilis, Peptostreptococcus CDC group 2, E. alactolyticum, and C. perfringens) were used. Nine different media, including two chemically defined ones, and five concentrations of carbon dioxide, including that of the GasPak jar, were evaluated to determine the optimal medium and gaseous environment for each culture. The chemically defined media (medium 199 and Wright-Mundy) proved unsatisfactory at the start and were dropped from the study. Turbidity and pH changes in the cultures were measured to determine the effects of varying the medium and cultural conditions (Tables 1-4) .
In each of the 45 media-carbon dioxide combinations, triplicate cultures of each representative strain were studied. Relative turbidity and pH measurements were made on each culture, and the percentage of change in turbidity was calculated after a 24-h incubation period to give an indication of growth. No change in pH was detected immediately after inoculation; only after the log-linear growth phase of the organism was there a pH change that could have conceivably affected antibiotic activity if antibiotic had been present.
A mean percentage increase in turbidity was calculated for each of the four representative strains from triplicate cultures of each in the 35 media-carbon dioxide combinations (excluding the synthetic media 199 and Wright-Mundy Tables 5 and 6 . These summaries were obtained by ordering the rank totals for the seven media and the five carbon dioxide concentrations. For example, the Schaedler medium consistently yielded the largest increase in relative turbidity when the results were averaged over all levels of carbon dioxide concentration (Table 5 ). The probability of observing such a result due to chance alone is less than 0.003. This is very strong evidence that the Schaedler broth does in fact yield a higher growth response than the other six media. When the results were averaged over the seven media, the largest increase in relative turbidity was associated with the 5% carbon dioxide concentration (Table 6) .
Growth curves of the four representative organisms (B. fragilis subsp. fragilis, Peptostreptococcus CDC group 2, E. alactolyticum, and C. perfringens) were plotted to study the growth phases of these organisms. The slope and duration of the exponential growth phase, the maximal turbidity, and the numbers of organisms at a relative turbidimetric value were determined ( Fig. 1-4) . It should be noted that, for different strains of each species, lag-phase times are likely to vary. For example, nearly 10 h separated the lag times of seven strains of B. fragilis subsp. fragilis, including strain 9053; the longest lag time was 16 h. However, the slopes of the log-linear phases of growth and the maximal turbidities produced by each strain were nearly identical.
Additional growth curves were also plotted to include some of the commonly isolated anaerobic pathogens. These data (Fig. 5) clearly show that the Schaedler medium in combination with the 5% carbon dioxide concentration universally supported the growth of these organisms. Moreover, the rates of growth were such that a mid-log-linear phase could be obtained, in the majority of cases, before 12 to 24 h had elapsed. It is possible that a specific turbidity reading from any of the curves in Fig. 5 may be equated to approximate numbers of organisms by referring to the representative organism of Fig. 1 through 4 ; e.g., at a given concentration, two organisms of a similar size and conformation probably would yield comparable turbidities. The practicality of this assumption will be determined in future studies.
DISCUSSION
The need for a medium and an atmosphere that will support optimal growth of the anaerobic bacteria commonly associated with human disease cannot be overemphasized if standardization of procedures is to be attained. From the data obtained in this investigation, Schaedler broth in combination with an atmosphere of 5% a Lowest number indicates the most favorable ranking with regard to growth response. (Fig. 5) . With organisms that grow slowly or produce less turbidity, it could be difficult to differentiate between growth and no growth, regardless of the method used. We believe that in the development of standard methods for anaerobes, the use of this medium and this carbon dioxide atmosphere will be of great value. When the minimal inhibitory concentrations of selected antibiotics are determined, the inoculum concentration must be carefully considered because the number of viable organisms in the inoculum directly affects the amount of antibiotic required to inhibit or kill the organism. It is possible that the data from this study ( Fig. 1-4 given turbidity, within a range suitable for performing susceptibility tests. This possibility will be evaluated by further studies. The organisms used in this investigation are representative of most of the anaerobic bacteria with regard to morphology, biochemical nature, and size. These data provide a basis for the determination of actual numbers of organisms to be used in the inoculum for subsequent susceptibility testing.
Although good bacterial growth is the basic requirement for a culture medium that is to be used for antimicrobial susceptibility tests, other factors may also influence this choice. Some media contain components that influence the interaction of the bacteria and antimicrobic(s) so that the susceptibility results are drastically altered, as, for example, the action many media exert on sulfonamide activity. Therefore, Schaedler broth and an atmosphere of 5% carbon dioxide will be further studied in antimicrobial susceptibility tests to determine whether this medium and these cultural conditions have any adverse effects on the antibiotics or on the susceptibility of the bacteria to the antimicrobics.
